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(54) SLIP WAVE RESONATOR 

(57)Abstract: 

PURPOSE: To obtain an inexpensive resonator which has 
the excellent temperature characteristics and is insensitive 
to the contaimination on the surface, by setting the 
thickness of film at a prescribed value for a multipair 
interdigital transducer electrode provided on a quartz 
substrate that transmits the slip wave. 
CONSTITUTION: The rotary Y-cut angle is set 
counterclockwise in a range of -43° — 52° in terms of the 
axis X for a quartz substrate which transmits the slip wave. 
The bus bar electrodes 2 and 3 are formed with Al on the 
substrate 1 in the direction of the axis Z\ These electrodes 
are so extended as to cross interdigital electrode fingers 4 
and 5 alternately. The ratio hA betwen the film thickness 
(h) of the extended electrode and the propagating slip 
wavelength X is regulated to >2%, and the number of pairs of 
electrodes 4 and 5 is regulated to 800±200. At the same 
time, the wA ratio is regulated to 8 — 1 5 between the cross 
length (w) of the electrode finger and the wavelength X. As a 
result the right-under-electrode enclosing effect is 

improved for the oscillating energy of the slip wave along with excellent temperature 
characteristics. Thus an inexpensive resonator, which is insensitive to the surface contamination 
and the aging and oscillates the high frequency up to about 1GHz with the basic wave and with 
virtually no spuriousness and high Q. 
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SPECIFICATION 

1. Title of the Invention 

Shear Wave Resonator 

2. Claims 

(1) A shear wave resonator, comprising: 

a crystal substrate propagating a shear wave; and 

multiple pairs of inter-digital transducer electrodes provided on the 

crystal substrate and receiving electric energy that is converted into the shear 

wave, wherein 

the crystal substrate is a rotation Y~cut of which a cut angle is set to be from -43° 
to -52° and propagates the shear wave in Z'-axis direction, and 
the multiple pairs of inter-digital transducer electrodes are made of Al and a 
film thickness thereof is set to be 2.0% or more of a wavelength of the shear 
wave that is propagated so as to improve an effect of confining vibration energy 
directly beneath the electrodes. 

(2) The shear wave resonator according to Claim 1, wherein number of pairs of 
the inter-digital transducer electrodes is set to be 800±200 so as to obtain a high 
Q while maintaining a capacitance ratio and a sub-resonance level of the 
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resonator to be low. 

(3) The shear wave resonator according to Claim 1 or 2, wherein an aperture 
length of electrode fingers of the inter-digital transducer electrodes is set to be 8 
to 15 times as large as a wavelength of the shear wave excited with the 
electrodes so as to obtain the high Q while maintaining the capacitance ratio 
and the sub-resonance level of the resonator to be low. 
3. Detailed Description of the Invention 

The present invention is related to a resonator exciting a wave that propagates 
directly beneath a surface of a piezoelectric substrate with inter-digital transducer 
electrodes, and confining vibration energy directly beneath the electrodes. The 
wave is generally called surface skimming bulk wave (SSBW), for example, (an 
inclusive term of waves of this kind is referred to as a "shear wave" in the 
specification of the present invention). 

In order to obtain a stable high frequency wave, thickness shear vibration of a 
crystal thin plate has been conventionally used in most cases. However, the 
highest frequency depends on a thickness of the crystal substrate, so that the 
frequency is limited to 40 MHz at a fundamental wave. Therefore, in order to 
obtain a higher frequency, overtone vibration of the fundamental frequency has 
been usually employed. However, the applicable limit of the overtone order is up 
until about ninth order. If the order is increased, so-called capacitance ratio y 
deteriorates in proportion to the square of the order and impedance increases, 
causing problems such as difficulty in matching with a circuit. 

As one means of solving the above problems, a resonator that generates a 
surface acoustic wave with the inter-digital transducer electrodes and uses it has 
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been widely studied and made practicable recently. This can vibrate with high 
frequency from about tens of M to 1GHz as a fundamental wave frequency 

However, the wave that is excited propagates on the surface of the piezoelectric 
substrate, so that a surface acoustic wave resonator has not only a defect that it is 
strongly affected by contamination of the surface of the substrate or variation of the 
surface state due to aging, but also has a defect that frequency and temperature 
properties do not sufficiently satisfy consumers. Therefore, further superior 
properties to avoid the above defects have been demanded. 

The present invention is intended to eliminate the defects or problems of 
existing resonators such as the one described above and provide a resonator that is 
resistant to the surface contamination and has excellent aging and temperature 
properties and little unwanted mode. The resonator can vibrate with high 
frequency, comparably to the surface acoustic wave resonator, as a fundamental 
wave and is suitable for being used within a frequency band from about tens of M to 
1GHz by the use of the shear wave that propagates directly beneath the 
piezoelectric substrate. 

Hereinafter, the present invention will be described in detail based on theoretical 
speculation and an experimental result. 

It has been conventionally known that the shear wave which propagates directly 
beneath the surface of the piezoelectric substrate exists and the wave can be excited 
with the multiple pairs of inter-digital transducer electrodes, but an attempt to 
apply this to resonators has been rarely studied. The reason of it comes from 
analogical inference from the surface acoustic wave resonator and is such that it is 
very difficult for the shear wave resonator including the inter-digital transducer 
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electrodes having a film thickness that is 1% or less of wavelength of the shear-wave 
to satisfy oscillating conditions, and even if it oscillates, the Q is very low to be far 
from actual use. 

On the other hand, inventors of the present invention have disclosed that 
inter-digital transducer electrodes having substantially large film thickness (1.5 % 
or more of the wavelength of the surface wave) are provided on a surface of a crystal 
substrate so as to be able to obtain a small resonator having sufficiently large Q 
with small number of pairs of electrode fingers and small sub-resonance and the 
inventors have deduced reasons of this, in series of patent applications such as 
Application No. 56-56710, that have been already filed and are related to surface 
acoustic wave resonators. The reasons that the inventors deduced are a reflection 
effect due to the film thickness of the electrode fingers with respect to the surface 
wave; an emphasis of a confining effect for surface wave vibration energy due to a 
mass addition effect; and reduction of equivalent resistance due to an increase of 
the sectional area of the electrode fingers. 

If this deduction is applied to the shear wave so as to highly increase the film 
thickness of the inter-digital transducer electrodes that excite the shear wave, the 
mass addition effect and the effect of the decrease of the equivalent resistance can 
be expected, though the reflection effect is hardly expected with respect to the shear 
wave with which the surface of the piezoelectric substrate does not vibrate. 

The present invention is based on the deduction as above. It was confirmed 
that a sufficiently high Q for a practical use was obtained in a case where the film 
thickness of the electrodes is made thick above a certain level. 

The experimental result that was a base of the present invention will now be 
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described in detail. 

Fig. 1 is a figure showing a structure of the shear wave resonator used in the 
experimentation. 

First, as a piezoelectric substrate 1, a rotation Y-cut crystal of which a cut angle 
is in a range from -43° to -52° counterclockwise with respect to X-axis was used in 
consideration of the temperature property. If a crystal substrate having this cut 
angle is used, the temperature and frequency properties shows a cubic curve to be 
substantially preferable, though a propagation velocity of the shear wave is higher 
only a few percent than a propagation velocity of the surface acoustic wave of the 
same rotation Y-cut crystal plate. 

Incidentally, if the cut angle is set in a range from 35° to 42°, the propagation 
velocity of the shear wave becomes 1.6 times as high as the propagation velocity of 
the surface acoustic wave, though the temperature property degrades. 

Here, bus bar electrodes 2, 3 are provided on the crystal substrate 1 described 
above with Al in Z~axis direction, and respectively from these, multiple inter-digital 
electrode fingers 4, 4, — and 5, 5, ■*■ are extended alternately with each other. 
These are formed, as is widely known, such that Al which is vapor-deposited is 
subject to photo-etching through a mask. In addition, the total width of each of the 
inter-digital transducer electrode fingers 4, or 5 and a non-electrode area is set to be 
half of a wavelength X of the shear wave and a width ratio of these is generally set 
to be 1-1 due to the ease of manufacture. 

Further, a width in which the inter- digital electrode fingers 4, 4, ••■ overlap the 
inter- digital electrode fingers 5, 5, — is called an aperture length w. This value is 
varied, so that properties of the resonator can be controlled. 
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The structure of the inter-digital transducer electrodes having such shape is 
simpler than a resonator including an inter-digital metal, groove, or hole for surface 
acoustic wave reflection so as to have favorable productivity in terms of at least a 
constitution of the surface acoustic wave resonator. In addition, the inter-digital 
transducer electrodes have little unnecessary sub-resonance and acoustic coupling 
with others so as to have excellent property. It is presumable that the similar 
advantageous effects are shown also in the shear wave resonator. 

The result of the experimentation using the resonator including the inter-digital 
transducer electrodes mentioned above will be described. The result shown in Figs. 
2(b) to (e) was obtained by studying a behavior of the resonator while using an 
admittance chart based on a premise of an equivalent circuit of Fig. 2(a). The 
resonator was in a condition where the number N of pairs of electrodes was 800 
pairs; a w / X value obtained by standardizing the aperture length w by the 
wavelength X of the shear wave was fixed to be 10; and the film thickness h / X of the 
Al electrode is varied. As is apparent from the chart, it became clear that in a case 
where the film thickness h / X of the electrodes is approximately 2% or less, there is 
no inductive area on the chart as the property of the shear wave resonator, so that 
the resonator does not possibly oscillate even if it is inserted into a Hartley or 
Colpitts crystal oscillating circuit. 

Fig. 3 shows a result obtained by studying a Q and a sub-resonance level 
according to a shear wave resonator having various film thicknesses of electrodes. 

In this figure, as the film thickness h / X of the electrodes increases, the Q and 
the sub-resonance level increase as well. It seems that when the h / X is near 4%, 
the Q is saturated and the sub-resonance level sharply increases. 
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On the other hand, Fig. 4 shows a result obtained by studying how the Q, the 
sub-resonance level, and a y vary in a case where the film thickness h / X of the 
electrodes is fixed and the number N of pairs of electrodes is changed. 

As is apparent from this figure, as the number N of pairs of the electrodes 
increases, the Q increases, and the y and the sub-resonance level also show a 
tendency of increase across around 800 pairs. 

Consequently, it became clear that as long as a crystal substrate is used, a 
preferable structure of the resonator is generally such that the number N of pairs of 
the electrodes is 800 ± 200 and the film thickness h / X of the electrodes is about 
from 0.025 to 0.03, though they depend on a specification that is demanded. 

There was such a tendency that the sub-resonance level slightly decreases like 
parallel shift with respect to the number N of pairs of the electrodes in accordance 
with the decrease of the film thickness h / X of the electrodes, while the y slightly 
increases like parallel shift in accordance with the decrease of the film thickness h / 
X of the electrodes, but it is omitted in order to avoid complication of the figure. 

Here, Fig. 5 shows a result obtained by studying the aperture length w / X. As 
is apparent from this figure, it seems that the aperture length w / X also has an 
optimum value and its range is between about 8 and 15. The variation of the Q or 
the y obtained by changing the aperture length w / X is smaller than the variation of 
the resonator property by changing the film thickness h / X of the electrodes or the 
number N of pairs of the electrodes, thereby being able to be said that the 
importance thereof is secondary. 

The experimental results described above were obtained such that the resonator 
was vibrated in the air. According to the surface acoustic wave resonator, it is 



9 



known that the Q of the resonator that vibrates in vacuum is improved about 15 to 
30% compared to that in the air. The application of this knowledge to the shear 
wave resonator results in the Q increasing about 5%, though there was an effect as 
large as the case of the surface acoustic wave resonator. 

From the above results, it became clear that the most important structural 
element that affects the property of the resonator is the film thickness h / X of the 
electrodes, also in the shear wave resonator. Other elements, for example, the 
number N of pairs of the electrodes hardly avoids to reach a certain value, almost 
irrelevantly to the film thickness h / X of the electrodes, due to the y or the 
sub-resonance level. In addition, the aperture length w / X has the optimum value 
that affects the property of the resonator, but the effect is secondary. 

The experimental results according to the resonator of the present invention 
have been described above. However, Au, Ag, Cr, and Ni, for example, have not 
been referred as a material of the electrodes other than Al, so that these will be 
described briefly. 

If the mass effect of the electrodes described above emphasizes the energy 
confining effect, it seemed that the same effects could be obtained in a case where 
the electrodes are made of metal material having greatly larger density than that of 
Al and the film thickness thereof is made thin in proportion to the ratio with respect 
to the density of Al. However, the result of the experimentation on Au, Cr, and Ni 
was contrary to expectations such that the Q did not increase and the unwanted 
mode increased. 

The reason of this is unclear at present, but the similar result was further 
prominently revealed also in a case of the surface acoustic wave resonator. 
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Therefore, it should be considered that the shear wave propagating directly beneath 
the crystal substrate is also affected by the vibration caused by a difference between 
acoustic impedances of the crystal substrate and the electrodes near the border of 
them, and too large difference between the impedances deteriorates the propagation 
of the shear wave and the confining effect of the vibration energy. 

Consequently, it is most preferable to use Al, of which the acoustic impedance 
approximates that of the crystal substrate, as the material of the electrodes. 

The present invention is structured as described above, so that it becomes 
possible to obtain such resonator at low cost that has very favorable temperature 
property, has little unwanted mode, is insensitive to the surface contamination and 
aging, and oscillates with high frequency up to about 1 GHz as a fundamental 
frequency. Therefore, it can meet the demand for electronic equipments of which 
an operating frequency band has been more and more increased in recent years, and 
it yields very substantial benefits for miniaturization and high stabilization of these 
equipments. 

4. Brief Description of the Drawings 

Fig. 1 is a diagram showing a structure of electrodes of a shear wave resonator 
according to the present invention. Fig. 2(a) is a diagram showing an equivalent 
circuit of the shear wave resonator of Fig. 1. Figs. 2(b) to (e) are admittance charts 
respectively showing cases where film thicknesses of the electrodes are respectively 
0.9%, 1.4%, 2. 1%, and 3.0% of a wavelength of a shear wave. Fig. 3 is a diagram of 
an experimental result showing variation of a Q and a sub-resonance level in a case 
where the number of pairs of electrode fingers of the shear wave resonator is fixed. 
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Fig. 4 is a diagram of an experimental result showing variation of a Q, a y> and a 
sub-resonance level in a case where the number of pairs of electrode fingers of the 
shear wave resonator is changed versus a film thickness of each of the electrodes. 
Fig. 5 is a diagram of an experimental result showing variation of a Q and a y with 
respect to the change of an aperture length of the electrode fingers. 
1- crystal substrate, 4, 5- interdigital transducer electrodes 

Patent Applicant- Toyo Communication Equipment Co., Ltd. 
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Translation of the Drawings 
ill: Fig. 1 
% 2 M : Fig. 2 

7k B B B *^ h£ : CRYSTAL CUT ANGLE 

: NUMBER OF PAIRS OF ELECTRODES 

M : WAVELENGTH 

mffitg^Xft : APERTURE LENGTH OF ELECTRODE FINGERS 
% 3 m : Fig. 3 

\s<<jv : SUB-RESONANCE LEVEL 

I"l#Jg : SUB-RESONANCE 
& 5 H : Fig. 5 

BJ#SU^</U : SUB-RESONANCE LEVEL 

§'] : SUB 
% 5 H : Fig. 5 
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Amendment 

January 29. 1982 
Director General of the Patent Office, Esq. 

1. Case Identification 

1981 Patent Application No. 131739 

2. Title of the Invention: Shear Wave Resonator 

3. Person Filing Amendment 

Relationship to Case: Patent Applicant 

Zip code 253-01, Telephone 0467-74-1131 (main switchboard) 
Koyato 753, Samukawa-machi, Kouza-gun, Kanawaga-ken, 
(310) Toyo Communication Equipment Co,. Ltd. 

Representative Executive Yasuo SUZUKI 

4. Date of Amendment Directive: January 5, 1982 

5. Number of Inventions Added by the Amendment: Nil 

6. Parts Amended^ Drawings 

7. Content of the Amendment: as per Enclosed Attachment 

Translation of the Drawings in the Amendment 
131: Fig. 3 

: SUB-RESONANCE LEVEL 
: SUB-RESONANCE 
m 4 m : Fig. 4 
m&W. : SUB-RESONANCE LEVEL 

gij : SUB 
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% 5 m : Fig. 5 



